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HANDLING ERRORS OCCURRING IN BASE-STATION OF A CDMA SYSTEM 
Field of the invention 

5 The present invention relates to a method for handling errors occurring in a base-station 
in a CDMA system. 

Background of the invention 

10 

As is well known, in wide band direct sequence CDMA systems signals consist of differ- 
ent pseudo-random binary sequences that modulates the carrier. Thereby, the spectrum 
of the signals is spread over a wide frequency range common to a number of channels 
in the system. Due to the direct sequence coding, orthogonality between signals is 
15 achieved, enabling individual decoding of signals from the common frequency range. 

This coding principle has many advantages. For instance, direct sequence spread spec- 
trum coding provide substantia! reductions of the severity of multi-path fading, which 
leads to an effective utilisation of spectrum resources. 

20 

Since signals occupy the same space in the frequency/ time domain, power regulation of 
the individual channels is an important aspect of CDMA systems. 

CDMA systems employ power control on both the up- and the downlink. One objective of 
25 the power control is to regulate each mobile station transmitter operating within the cell 
site base-station receiver, such that the signals have the same power level at the base- 
station receiver, regardless of the position or propagation loss of the respective mobile 
stations. 

30 When all mobile station transmitters within a cell site are so controlled, then the total sig- 
nal power at the base-station receiver is equal to the nominal received power times the 
number of mobile stations. 

Each selected signal received at the base-station is converted into a signal that carries 
35 the narrowband digital information, whereas the other signals that are not selected re- 
main wide band noise signal. However, the bandwidth reduction, which is performed ac- 
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cording to the decoding process, increases the signal-to-noise ratio from a negative 
value to a level that allows operation with an acceptable bit error rate. 

The overall system capacity, for instance the number of users that can operate within the 
5 cell simultaneously, depends on the minimum signal-to-noise ratio, which produces the 
given acceptable bit error rate. 

On the downlink, the cell also supports power regulation by adjusting the downlink power 
for each signal to the respective mobiles in response to requests provided by the mobile 
10 station. The purpose is to reduce power for units that are either stationary, relatively 

close to the eel! site, impacted little by multi-path fading and shadowing effects, or expe- 
riencing little other cell interference. Thereby the overall noise level diminishes and those 
mobiles being in a more difficult environment will benefit. 

15 In a CDMA system running close to its capacity maximum, the emission of excessive 
power on only a single coding channel is critical. A single excessively "loud" mobile will 
disturb other mobiles, which in their turn will require higher power because of the re- 
duced signal to noise ratio. This effect will spread to adjacent parts of the system and 
communications in the cell. In a fully loaded cell, the addition of one more mobile will re- 

20 suit in about 35 % loss of capacity. 

Therefore, both up- and downlink channels are minutely regulated to avoid the above 
overload situation from occurring and for this reason new mobiles may be exempt from 
being allowed into the system when the system is running close to its capacity maxi- 
25 mum. 

Current CDMA systems are able to offer a variety of services, such as providing data- 
communication channels with varying data rates. Since a higher bit error rate corre- 
sponds to a higher capacity, also the data rates allocated to individual mobiles may be 
30 regulated in order to avoid the above mentioned overload situations from occurring. 

Another important aspect of CDMA systems is that the so-called soft hand-over between 
base stations and inter-cell channels may be implemented. 

35 In CDMA systems, the same channel is re-used in adjacent cells whereby mobiles may 
receive a combination of the respective same signals being emitted from more base-sta- 
tions (i.e. neighbouring cells). 
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In CDMA systems, each cell transmits a pilot carrier signal. This pilot is used by the mo- 
bile station to obtain initial system synchronisation and to provide robust, time, frequency 
and phase tracking of the signals from the cell site. The pilot signal is tracked continu- 
ously by each mobile station. Variations in the transmitted power level of the pilot signal 
5 control the coverage area of the cell and the number of mobiles communicating with the 
respective cell. 

At call initiation, the subscriber is supplied a tailored set of handoff thresholds and a list 
of cells that are most likely to be the candidates for hand-off. While tracking the signal 
10 from the original cell, the subscriber searches for all possible pilots and maintains a list 
of all pilots whose signals are above a threshold established in the initial set-up. This list 
is transmitted to the base-station controller whenever it is requested, whenever the list 
changes by having a new pilot in the list or when an existing pilot falls below a level that 
is useful to support traffic. 

15 

Upon command from the radio network controller (RNC), via the initial cell, the mobile 
unit commences tracking the second cell and uses diversity combining of the two sig- 
nals, representing identical data, to enhance the overall received signal. Power control 
information is received from both cells; and both cells have to request a power increase 
20 for the subscriber to increase its power. 

Data from the mobile unit is received by both cells in question and is forwarded to the 
radio network controller where the best source is selected on a frame by frame basis 
and is used to represent the data transmitted from the mobile. 

25 

A particular advantage by the power regulation described above and the soft-handover 
is that the capacity of cells is automatically regulated in case of an inhomogeneous cell 
load. 

30 If some cells are more heavily loaded than others, then the remaining cells contribute 
less interference to their more heavily loaded neighbours and allow more mobile stations 
to operate in these cells. The reduction of interference leads to a capacity increase for 
the loaded cell. For instance, if the surrounding cells run at 30% load, the capacity of the 
loaded cells increases to 120%. 

35 
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This flexible allocation of capacity happens automatically due to the power regulation 
routines described above. The network management system detects the current load 
situation and allows higher power levels in the heavily loaded cell. 

5 Aspects of the CDMA features described above has for instance been described in "An 
overview of the application of code division multiple access (CDMA) to digital cellular 
systems and personal cellular networks", May 21, 1992, Document Number EX60-10010 
Qualcom Incorporated ™. 

10 Further details relating to soft handover can for instance be found in EP-A-0 537 795. 

Details relating to CDMA systems can be found in the standard denoted 3GPP UTRAN 
Release 99. 

15 

Summary of the invention 

The power amplifiers for CDMA base-stations must comply with accurate specifications 
for noise, linearity, distortion and reliability, which render the amplifiers expensive. 

20 

Although base-stations typically are made to comply with strict reliability standards, even 
redundant modules can be subject to fault conditions. 

One object of the present invention is to accomplish effective provisions, which dimin- 
25 ishes the outage time in a CDMA system if such fault conditions should occur in a base- 
station power module or related module. 

This object has been accomplished by the subject matter defined by claim 1. 

30 According to the subject matter of claim 1 , a CDMA base-station has been accom- 
plished, which effectively reduces the adverse effects, this arises from such a fault con- 
dition. 

When the above fault condition occurs, the error ridden base-station immediately can- 
35 eels downlink communication with the mobiles in the given cell. Those mobiles which 
appears in a soft handover, i.e. receives signals simultaneously from at least two base- 
stations, are "forced" on to the neighbouring base-stations involved in the soft handover, 
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while those mobiles receiving information exclusively from the error ridden base-station 
will loose the receive signal. 

As will be understood, the damage is only local, that is, restricted to the latter mobiles, 
5 whereas the remaining system will be unaffected. 

In comparison to the overload situation in a CDMA system not providing the error routine 
according to the invention, a significant advantage has been accomplished. 

10 It is a further object to provide a base-station, which can run efficiently, even after a fault 
has occurred. 

This object has been accomplished by the method defined by claim 2. 

15 According to the subject matter defined by claim 3, a CDMA system has been defined in 
which the process of re-allocating as many mobiles a possible to adjacent cells, when a 
fault in a power module has occurred, is accomplished. 

According to claim 5, a method for controlling a CDMA base-station has been defined. 

20 

Further advantages will appear from the following detailed description of preferred em- 
bodiments of the invention. 

25 Brief description of the drawings 

Fig. 1 shows a base station according to the invention comprising two separate power 
modules, 

30 fig. 2 shows four base-stations and associated cells each cell being divided into two 
sectors, 

fig. 3 is a schematic representation of the traffic power control loop between a mobile 
terminal and a base station (not in soft handoff), 

35 
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fig. 4 is a schematic representation showing the incremental output power from a 

base station requested by a mobile station as a function of the measured power 
on an allocated traffic channel received at the mobile station, 

fig. 5 shows the admitted output power by the base station as a function of an abso- 
lute power request, 

fig. 6 is a schematic diagram exemplifying the number of mobile stations being able 
to communicate simultaneously in a CDMA cell as a function of the emitting 
power of a single noise source / unregulated mobile station, 

fig. 7 shows a flow diagram of a preferred fault routine according to the invention, 

fig. 8 shows the output power of the control and a traffic channel emitted from a sec- 
tor experiencing a faulty power module according to the fault routine of fig. 7, 
and 



fig. 9 shows the output power of the control and traffic channel emitted from an adja- 
cent sector to the sector experiencing a faulty power module. 



Detailed description of a preferred embodiment of the invention 



In fig. 1, a block diagram pertaining to the base station according to the invention has 
25 been shown. The CDMA base station (BS) 20 is coupled via a network interface 1 to a 
radio network controller RNC 17. All data to and from the network transfers this interface 
1. 



The base station (BS) 20 comprises a receive stage and a transmit stage. 

30 

The latter transmit stage comprises an output section comprising an encoder 2, per- 
forming base band direct sequence division multiplex access coding including multi- 
plexing, interleaving and frame building on a number of communication channels. 



35 A first modulator 4 performs channel spreading, scrambling, data modulation and sector 
combining. The first modulator 4 moreover controls the output power of the individual 
channels emitted by the base station. 

6 



040091-002 



A second modulator 7, up-converts the transmission signals from base band signals to 
the desired radio frequency signals and controls the output power. 

From the second modulator 7 the signal is passed on to a multi carrier power amplifier 
5 having two independent power modules 10,11 for transmitting signals on the at least 
one traffic channel, TCH, and control and pilot signals on the at least one control chan- 
nel, CCH. This power amplifier is designed to meet the high linearity requirements of 
CDMA standards. 

10 Each power module 10, 1 1 is capable of being operational even though the other power 
module is non-operational. The power modules are normally operating simultaneously 
and each power module is contributing with emitting power. 

A power splitter 9 has been provided, for selectively channel the signal to one or more of 
15 the power amplifier modules 1 0 and 1 1 . The power splitter can be so controlled as to 
shut of the signal to any of the power amplifier modules 1 0 and 1 1 . According to the pre- 
sent embodiment, only two power amplifier modules have been provided, but many 
more amplifier modules each contributing with power could be provided. 

20 Each amplifier modulelO and 11 is provided with at least one diagnostic output 19, by 
which the operative status of the respective amplifiers 10, 11 can be derived. 

The amplified signals from power amplifier modules 10 and 1 1 are combined in high 
power combiner 12, adding the outputs from the respective power amplifier modules so 
25 that a high power signal of desired magnitude is accomplished. 

Multi carrier power amplifiers are generally available on the market today. One example 
of such an amplifier is sold by Powerwave®. 

30 The high power signal is lead to duplex filter 14, which feeds a common receive / trans- 
mit antenna. 

Now, the receive section shall be described. 

35 From the common antenna, receive signals are derived from mobile stations through the 
duplex filter 14. These signals are provided to a low noise amplifier LNA 13, from which 
a first radio frequency demodulator 8 demodulates the received signal. 

7 
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A second baseband demodulator 5 performs de-spreading, de-scrambling and de- 
modulation of the input signal. The second demodulator 5 also evaluates so-called traffic 
channel power control (TPC) bits from signals sent by the mobile stations. 

5 The second baseband demodulator communicates with the first modulator 4 via a TPC 
signal 6, whereby the second baseband demodulator 5 issues the needed power ad- 
justments relating to the respective traffic channels. 

From the demodulator 5, the input signals are passed further on to a decoder 3, in which 
10 signals are subject to the opposite processes described in connection with the encoder 
5. The resulting signals are delivered to the network interface 1 for further transmittal to 
the radio network controller, RNC 1 7. 

The base station furthermore comprises a control module 16, which monitors the status 
15 of the respective power amplifiers 10 and 1 1 via the diagnostic lines 19. The control 
module moreover controls the power splitter 9 and signals to the encoder 2 and the 
baseband modulator and power control according to a fault routine. The control module 
16 signals to the power splitter 9, via power splitter signal 23, which of the power ampli- 
fiers shall contribute with power. The control module furthermore communicates with en- 
20 coder 2 and the first modulator 4, by means of encoder control signal 25 and first modu- 
lator control signal 24, respectively. The base station 20 moreover comprises an appli- 
cation processor (AP) 21, which controls the overall functionality of the cell. The appli- 
cation processor 21 allocates mobile stations in co-operation with the radio network 
control (RNC) to the base station in accordance with known authorisation procedures. 
25 The application processor AP 18 communicates with the network interface 1 , the en- 
coder 2, the decoder 3 and the control module 1 6 over a common AP bus 22. 

In case an error is detected in any of the power amplifiers, the control module shuts off 
the faulty power module according to a fault routine that shall be explained in the follow- 
30 ing. 

However, first the normal operation of the base station and the mobile stations will be 
exemplified. 

35 Turning to figure 2, an exemplary cell pattern has been indicated. As appears from the 
figure four base stations BS1 - BS4 have been shown, and each base station is affiliated 
with two antennas splitting each cell into two sectors A and B. Many other sector forma- 

8 



040091-002 



tions are optional, such as the typical three sectors or no sectors at all. As appears from 
fig. 2, some mobile stations will appear in the overlapping area between two cells, such 
as mobile stations M2, M5 and M7. These stations will communicate with base stations 
BS1 and BS2 in combination in soft handover. That is, the same downlink signal, al- 

5 though phase lagged, relating to a particular traffic channel is transmitted to neighbour- 
ing sectors when a mobile station is located in this area and a resulting down link signal 
will be combined from any of the respective base station signals, which reach the mobile 
station in question. The resulting receive signal is resolved in the mobile station by 
means of conventional filterbanks and forward error control mechanisms. The same ap- 

10 plies to the uplink signals where a combination / resolving of signals appear in the RNC, 
as is known in the art. 

Other mobile stations will communicate with two sectors relating to the same base sta- 
tion, such as mobile stations M8, M1 1 and M12 which appears in the border area of 
15 sectors A of BS2 and B of base station BS2. Those mobiles are said to be in a state of 
softer hand over. 

Both up-link and downlink traffic channels relating to each mobile station is regulated 
according to an exemplary TPC (transmittal power control) loop. These mechanisms are 
20 generally known in the art and only the downlink transmission shall be described here. 

The transmittal power control loop has been illustrated in fig 4 and 5. The emitting power 
of the base station is controlled at regular cycles. If the received power at the mobile 
station falls under a threshold SIR1, the mobile station will request a 1-dB power in- 

25 crease and the base station will regulate its power correspondingly in the next cycle. If 
the signal to noise level exceeds threshold SIR1 , the base station will request a 1dB- 
power reduction and the mobile station will regulate its output power correspondingly in 
the next cycle. This regulation takes place within a fixed power band, limited by the rated 
power maximum, Prmax, and the rated power minimum, Prmin, as indicated in fig. 5, 

30 whereby an upper limit and a lower limit has been defined. 

In fig. 7, a schematic illustration of the capacity of the system has been depicted for mo- 
bile terminals using a unitary bandwidth as a function of a single noise source, such as a 
single unregulated mobile terminal. The upper curve, i, relates to the capacity in the cell 
35 with fully operational power modules, whereas the lower curve, j, relates to the capacity 
with a faulty power module. 
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Other TPC mechanisms from what has been shown in fig. 4 are possible, for instance 
using a measure of hysteresis and two thresholds, instead of SIR1 , to avoid a continuos 
change of levels. 

5 The error routine residing in the control module 1 6 will now be explained especially with 
reference to fig. 7, but also to fig. 1 , 2, 8 and 9. 

The routine starts in step 10 and in step 11, the fault detection is initiated. 

10 In fig. 8 and 9, the output power of the control and the traffic channel have been shown 
for two neighbouring sectors in fig. 2, namely BS1 A and BS2A, by way of example. The 
respective control channel output power has been indicated by graph CCH and the re- 
spective traffic channel output power has been indicated by graph TCH. The control 
channel is normally set to a nominal output power s_nom. The rated maximum output 

15 power of a traffic channel of a fully functional base station sector has been denoted 
Prmax, while the maximum output power of the power amplifier for the traffic channels 
with one power module being shut off has been denoted by the level Prmaxf. 

When the fault routine has been initiated in step 1 1 , in which the control module 16 is 
20 continuously checking whether any of the power modules 1 0 and 1 1 in the power ampli- 
fier has been subject to a fault, step 12. This is checked over the diagnostic lines 19. 

At time t1 , the traffic channel output power TCH of base station BS1 B is running at level 
P4, which is below the maximum rated output power Prmax, and the control channel 
25 CCH is emitted at the nominal level s-nom. 

If a fault is detected in for instance power module 10, according to step 12, the routine 
goes to step 13 in which the faulty power module is shut off. Immediately thereafter, in 
step 14, data on traffic channels associated with sector BS1B are stopped but the con- 
30 trol channel is immediately seeked restored to its nominal value. 

For this purpose, the control module 16 sends a signal to encoder 2 to stop the respec- 
tive traffic channels. 

35 In fig. 8 at time t2, the traffic channels are shut off. The control channel however is pri- 
oritised, such that the remaining functional power module 1 1 supports the control chan- 
nel, and according to step 15, the power on the control channel is increased to nominal 

10 
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level. As appears from fig. 8, the fault possibly gives rise to a glitch, shown between t2 
and t3 in fig. 7. 

The priority being given to the control channel is also accomplished by means of step 
5 1 6, in which the TPC loop for the mobile stations are being disabled. For this purpose, 
the control module 16 signals to the first modulator 4, to stop the TPC requests for more 
power from the mobile stations, which could appear. 

Thereby, all mobile stations in sector BS1 B remain synchronised and ready for taking up 
10 communication. 

It is preferable, that no glitch occur in the control channel, or alternatively that the power 
amplifiers are designed in such a way that the duration of the glitch has no practical in- 
fluence on the control channel and thereby the synchronisation of the mobile stations. 

15 

As soon as the traffic channel power from base station BS1B decreases, the mobile sta- 
tions appearing in soft handover between BS1B and the neighbouring sector BS2A - in 
this case M2, M5 and M7, will require more power from base station BS2A. Therefore, 
the emitted traffic channel power of BS2A increases between t2 and t3 to - in this case 
20 chosen as an example - the rated maximum value Pmax. 

Insofar, the power increases up to the limit Pmax, the base station BS2B will have to 
economise with its available power and reduce the number of mobiles being allocated to 
the base station, that is, some mobile stations will be dropped. 

25 

As appears from fig. 2 and 8, all those mobile stations not being in soft handover, M2, 
M5 and M7, looses traffic data. 

The routine now enters step 17, in which the AP in BSB1 decides on how many and 
30 which mobile stations should continue communicating with the faulty sector BSB1 with 
the remaining power resources from power module 1 1 . Many options exist for choosing 
a predetermined group of mobile stations that should have their links cancelled. One ad- 
vantageous solution is to give priority to those mobiles being in soft handover or softer 
handover, in this example for instance M2, M5 and M7. If this group is not sufficient to 
35 cover the expected power loss, mobiles in soft handover are chosen. 
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Depending on how the mobile stations are distributed also mobile stations not being in 
soft handover and inside the sector BSB1 could be cancelled. 

Another option is to select randomly a number of mobile stations, which should be inter- 
5 rupted. 

Another option is to prioritise those mobiles, which receives or issues most power or 
takes up most bandwidth. 

10 As soon as the above selection has been made and the re-allocation implementation 
has been accomplished, the routine goes to step 18, in which the TPC loop is enabled 
for the mobile stations in BSB1 . The control module issues a corresponding signal to the 
first modulator 4. 

15 Now the routine enters step 19, in which communication is started up with the remaining 
terminals in the sector at a new reduced target power level. This has been exemplified in 
figure 7 at time t4, where the traffic channels are emitted at power level Prmaxf. 

As will be understood, the effect of the fault routine according to the invention is that a 
20 large number of mobile stations can continue communicating instead of the whole sector 
/ cell is suffering a breakdown. This leads to better outage figures than what have been 
possible in conventional CDMA systems. 
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